t WR 2005 



(12) INTERNATIONAL 



CATION PUBLISHED UNDER THE PATENT 



Km'i PCT/PTO 2 

^^ERATION TREATY (PCT) 



(19) World Intellectual Property 
Organization 

International Bureau 

(43) International Publication Date 
13 May 2004 (13,05.2004) 




(10) International Publication Number 

PCT WO 2004/039847 Al 



(51) International Patent Classification 7 : 

10/00, 297/08 // B01J 19/24 

(21) International Application Number: 



C08F 2/14, 2/34, 



PCT/FI2003/000799 

(22) International Filing Date: 27 October 2003 (27.10.2003) 

(25) Filing Language: English 

(26) Publication Language: English 



(30) Priority Data: 

02396161.8 



30 October 2002 (30. 10.2002) EP 



(71) Applicant (for all designated States except US): BORE- 
ALIS TECHNOLOGY OY [FI/FI]; PL 330, FEST-06101 
Porvoo (FT). 

(72) Inventors; and 

(75) Inventors/Applicants (for US only): VUORIKARI, 
Marianna {WFTj; Kuusikkotie 3, FIN-06650 Hamari (FI). 
KORHONEN, Esa [FI/FI]; Ritarinkaari 6, FIN-06100 
Porvoo (FI). ANDTSJO, Henrik [FI/FI]; Jousitie 29, 
FIN-06150 Porvoo (FI). ZITTING, Samuli [FI/FI]; 
Riihitie 6 as 7, FIN-04300 Tuusula (FI). 



(74) Agent: SEPPO LAINE 
FIN-00180 Helsinki (FI). 



OY; Itamerenkatu 3 B, 



(81) Designated States (national): AE, AG, AL, AM, AT (util- 
ity model), AT, AU, AZ, BA, BB, BG, BR, BY, BZ, CA, 
CH, CN, CO, CR, CU, CZ (utility model), CZ, DE (util- 
ity model), DE, DK (utility model), DK, DM, DZ, EC, EE 
(utility model), EE, EG, ES, FI (utility model), FI, GB, GD, 
GE, GH, GM, HR, HU, ID, IL, IN, IS, JP, KE, KG, KP, KR, 
KZ, LC, LK, LR, LS, LT, LU, LV, MA, MD, MG, MK, MN, 
MW, MX, MZ, NI, NO, NZ, OM, PG, PH, PL, PT (utility 
model), PT, RO, RU, SC, SD, SE, SG, SK (utility model), 
SK, SL, SY, TJ, TM, TN, TR, TT, TZ, UA, UG, US, UZ, 
VC, VN, YU, ZA, ZM, ZW. 

(84) Designated States (regional): ARIPO patent (GH, GM, 
KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZM, ZW), 
Eurasian patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), 
European patent (AT, BE, BG, CH, CY, CZ, DE, DK, EE, 
ES, FI, FR, GB, GR, HU, IE, IT, LU, MC, NL, PT, RO, 
SE, SI, SK, TR), OAPI patent (BF, BJ, CF, CG, CI, CM, 
GA, GN, GQ, GW, ML, MR, NE, SN, TD, TG). 

Published: 

— with international search report 

[ Continued on next page] 



(54) Title: PROCESS AND APPARATUS FOR PRODUCING OLEFIN POLYMERS 




00 
ON 

^ (57) Abstract: The present invention concerns a process and an apparatus for continuous polymerisation of olefin monomers in a 

CD cascade of polymerisation reactors. According to the process, an olefin monomer is polymerised first in slurry phase in an inert 
hydrocarbon diluent in at least one loop reactor and then, subsequently, in gas phase in at least one gas phase reactor According 
to the invention, a polymer slurry is continuously withdrawn from the loop reactor and optionally concentrated. The concentrated 
slurry is conducted to a high pressure flash unit in order to remove the remaining fluid phase, and fed to the gas phase reactor. With 

^ the process described in this invention, it is possible to produce bimodal polyethylene with good properties. The operation of the 

^ process is stable because of the truly continuous operation. 



Wo€lo4/039847 Al IIIIIIHIIII A 



For two-letter codes and other abbreviations, refer to the "Guid- 
ance Notes on Codes and Abbreviations" appearing at the begin- 
ning of each regular issue of the PCT Gazette, 



INTERNATION 



EARCH REPORT 



Intera^ioiial application No. 



PC 



2003/000799 



A. CLASSIFICATION OF SUBJECT MATTER 



IPC7: C08F 2/14, C08F 2/34, C08F 10/00, C08F 297/08 // B01J 19/24 

According to International Patent Classification (IPC) or to both national classification and IPC 



(IPC) 



B. FIELDS SEARCHED 



Minimum documentation searched (classification system followed by classification symbols) 

IPC7: C08F, B01J 



Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 

SE,DK,FI,N0 classes as above 



Electronic data base consulted during the international search (name of data base and, where practicable, search terms used) 



EPO-INTERNAU WPI DATA 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



US 4187278 A (MICHAEL L. CLIFFORD) , 

5 February 1980 (05.02.1980), column 1, 
line 39 - line 62, abstract, claims, figure 



US 4395523 A (WILLIAM KIRCH), 26 July 1983 

(26.07.1983), column 1, line 16 - column 2, 
line 26, abstract, claims, figures 



US 5684097 A (ARI PALMROOS ET AL), 4 November 1997 

(04.11.1997), column 7, line 29 - column 8, line 7; 
column 9, line 5 - line 14, abstract, claims, 
figure 



1-4,6-30 



1,5 



1-30 



| xl Further documents are listed in the continuation of Box C. j ~)J See patent family annex. 



* Special categories of cited documents: 

"A" document defining the genera] state of the art which is not considered 

to be of particular relevance 
*E* earlier application or patent but published on or after the international 

filing date 

"L" document which may throw doubts on priority claim(s) or which is 
cited to establish the publication date of another citation or other 
special reason (as specified) 

*0* document referring to an oral disclosure, use> exhibition or other 
means 

"P" document published prior to the international filing date but later than 
the priority date claimed 



T" later document published after the international filing date or priority 
date and not in conflict with the application but cited to understand 
the principle or theory underlying the invention 

"X* document of particular relevance: the claimed invention cannot be 
considered novel or cannot be considered to involve an inventive 
step when the document is taken alone 

"Y* document of particular relevance; the claimed invention cannot be 
considered to involve an inventive step when the document is 
combined with one or more other such documents, such combination 
being obvious to a person skilled in the art 

°&f document member of the same patent family 



Date of the actual completion of the international search 

11 February 2004 



Date of mailing of the international search report 

il 3 -82- 2004 



Name and mailing address of the ISA/ 
Swedish Patent Office 
Box 5055, S-102 42 STOCKHOLM 
Facsimile No. +46 8 666 02 86 



Authorized officer 

Monika Bohl in/Els 

Telephone No. + 46 8 782 25 00 



INTERNATIONAI 



RCH REPORT 



Inter^B^al application No. 
PCT^P2003/000799 



C (Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



P,A 



US 5326835 A (ANTERO AHVENAINEN ET AL), 
5 July 1994 (05.07.1994), column 4, 
line 24 - line 43; column 5, line 22 - line 32, 
abstract, claims, figure 



WO 9858977 Al (BOREALIS A/S), 30 December 1998 
(30.12.1998), abstract, claims, figure 



EP 1083183 A9 (FINA RESEARCH S.A.), 14 March 2001 
(14.03.2001), page 3, line 7 - line 54; page 4, 
line 45 - line 50, abstract, claims, figures 



US 4420592 A (AKIFUMI KATO ET AL), 

13 December 1983 (13.12.1983), column 2, 
line 17 - column 3, line 7, abstract, claims, 
figure 



EP 0801081 A2 (MITSUI PETROCHEMICAL INDUSTRIES, 
LTD.), 15 October 1997 (15.10.1997) 



WO 0042077 Al (BOREALIS POLYMERS OY), 20 July 2000 
(20.07.2000), page 2, line 3 - line 34; page 8, 
line 18 - line 19, abstract, claims, figure 



US 3816383 A (N0RBERT ANTHONY STOTKO), 

11 June 1974 (11.06.1974), abstract, claims, 
figure 



EP 1275661 Al (IDEMITSU PETROCHEMICAL CO., LTD.), 
15 January 2003 (15.01.2003), page 2, 
line 26 - page 3, line 13 



1-30 



1-30 



1-30 



15-17,25, 
28-30 



15-17,25, 
28-30 



1-30 



1-30 



1-30 



Form PCT/ISA/210 (continuation of second sheet) (January 2004) 



INTERNATIONAL 

Information on pal 



SEARC 



RCH REPORT 

ly members 



24/12/2003 




Intern; 
PCT/ 



application No. 

2003/000799 



1 IC 

US 


A 1 Q"797Q 

41o/2/o 


A 

A 


ftC/ft9/1QQft 


All 

nil 


R01040 R 


07/nfi/iq7Q 

MI / UD/ Xj/J 








All 
nU 


1282376 A 


13/1 0/1Q77 

AO/ JLU/ XiJf I 










RP 
DC 


840Q27 A 


20/1 0/1 Q7fi 

tU/ 1U/ 1T7/U 










DE 


2616699 A 


28/10/1976 










FR 


2322890 A,B 


01/04/1977 










GB 


1532231 A 


15/11/1978 










IT 


1063239 B 


11/02/1985 










ID 
ur 




bO/ 1U/ 










ID 
Or 


CI 1 QCQQ7 A 


£3/ 1 1/ 1*7/ O 










ID 
or 


Cfift99AA*3 R 


9c/ftc/iQQi 










Ml 
NL 


i79cci r r 


1ft /OA /I QfiQ 










Ml 


7fift9/7Q9 A 
/DUO/Oc A 


on /i ft /i Q7fi 
<cu/ iu/ iy/ d 












A9Q11Q9 A 


09 /f|Q/1 Qftl 


1 IC 

us 


4395523 


A 


26/ 07/ 1983 


1 IC 

Ub 


iJ11QQCA£ A 


99 /ftA/1 QQft 


IIP 

us 


5684097 


A 

A 


04/11/1997 


AT 

AT 


1 "7*7 A Q"7 T 

l//4o/ 1 


1 C /ftQ /I QQQ 

io/uo/ iyyy 










AU 


/Ub9oo o 


ft1 /H7 /1 QQQ 

ui/u//iyyy 










All 

AU 


411oo9o A 


no /n*7 /i qqc 

Uo/o//iyyo 










on 
BR 


9blUuo4 A 


9Q /I ft /I QQ*7 

2o/iu/iyy/ 










CA 


220/910 A 


Of\ /AC /I QQC 

20/ob/iyyo 










CN 


1093ob3 □ 


Ob/11/2002 










CN 


1170107 A 

ll/olo/ A 


1 1 /f\0 /I QQQ 

ii/02/iyyo 










cz 


oonc A A D 
290544 b 


1 1 /no /Of\f\ 9 
11/09/2002 










cz 


A7A1 OA f\ A 

9/01840 A 


19/11 /1 QQ*7 

12/ii/iyy/ 










nr 


595082/ / U, I 


no /no /i qqq 

oy/oy/iyyy 










rn 
EP 


n7Q7CQO A D 

079/599 A ,1*5 


ni /i n /1 oQ7 

oi/io/iyy/ 










SE 


0797599 T3 












ES 


2129878 T 


16/06/1999 










Fl 


96216 B,C 


15/02/1996 










FI 


945926 D 


00/00/0000 










GR 


3029896 T 


30/07/1999 










IL 


116315 A 


17/08/1999 










JP 


10510570 T 


13/10/1998 










RU 


2161625 C 


10/01/2001 










WO 


9618662 A 


20/06/1996 










ZA 


9510501 A 


19/06/1996 



Form PCT/ISA/210 (patent family annex) (January 2004) 



INTERNATIONA 

Information on pa< 



X^EAI 



ARCH REPORT 

ly members 



24/12/2003 




application No. 

003/000799 



US 

ww 


5326835 

«l«Mi wwww 


A 


05/07/1994 

WW/ W # / X J *J~ 


AT 


130316 T 


15/12/1995 

XW/ Xta/ XWWW 










DE 


517868 T 


22/07/1993 

^■M/ W # / AWWW 










DE 

Wt» 


69114696 D.T 


11/04/1996 

XX/ W 1^/ XWWW 










DK 


517868 T 


18/03/1996 

AW/ WW/ A W WW 










EP 


0517868 A.B 


16/12/1992 

XW/ Xb/ Ai/Jfa 










SE 


0517868 T3 












ES 


2079844 T 


16/01/1996 










FT 

1 X 


86867 B.C 


15/07/1992 

xw/ w / / xwwx. 










FT 


906428 A 


29/06/1992 

fcw/ WW/ XWWC* 










GR 


3018786 T 


30/04/1996 

WW/ W ¥V xwww 










JP 


2529923 B 

WWbWWkaW W 


04/09/1996 

W~/ WW/ XWWW 










JP 


5504786 T 

WWW~# **W 1 


22/07/1993 

■ ■ / w# / X W WW 










NO 


179286 B.C 

JL 9 WfenWW wyw 


03/06/1996 

WW/ WW/ X w w w 










NO 


923334 A 

WXaWWW~ •% 


26/08/1992 

WW/ WW/ XWWX> 










wo 


•9212182 A 


23/07/1992 

X>W/ W # / XWWXb 


wo 


9858977 


Al 

/» X 


30/12/1998 

WW/ Xh/ A JaTU 


AU 


7921298 A 

/ WXa XCmWW #» 


04/01/1999 

WT/ W X / X WWW 










AU 


8121198 A 

W X X» X X mtU #1 


04/01/1999 

V"/ w x/ xwww 










BR 


9810290 A 

WW X VUJU o 


19/09/2000 

X w/ ww/ CiVUv 










CN 


1261390 T 


26/07/2000 










CN 


1268146 T 


27/09/2000 










EP 


0991684 A 


12/04/2000 










FP 


0QQ171Q A R 
UwwX/Xw t\ 9 a 


12/04/2000 

lb/ U*r/ cUUU 










FT 
n 


111 ftA6 R 


on/nn/oooo 
uu/ uu/ uuuu 










FT 


Q7272Q A 


25/1 2/1 QQft 

bJ/ 1l/ 1 wwO 










JP 

Ur 


poopt^odQ^ t 


1 2/02/2002 










JP 
ur 


2002^0^013 t 


12/03/2002 










US 


6342564 B 


29/01/2002 










us 


6469110 B 


22/10/2002 










wn 


wwwwUU£ M 


30/1 2/1 QQfl 

OU/ X^/ XwwO 


EP 

tr 


1083183 


AQ 


14/03/2001 

At/ I/O/ cllvi 


Al J 
nU 


79004.00 A 


17/04/2001 
x / / U*r/ fcvUl 










PN 

wW 


1 37AR61 T 


06/1 1 /POOP 
UO/ 1 A/ £UU£ 










FP 


121435R a 


1Q/06/2002 

X w/ UO/ bUUc 










tlP 

ur 


2003509543 T 


11/03/2003 










US 


63R5741 R 

(Jwww/ a TX D 


12/03/2002 

X£/ UO/ 4UUb 










wo 


0119872 A 


22/03/2001 


us 


4420592 


A 


13/12/1983 


AT 


11295 T 


15/02/1985 










CA 


1201248 A 


25/02/1986 










DE 


3168357 D 


00/00/0000 










EP 


0050013 A,B 


21/04/1982 










JP 


1586714 C 


19/11/1990 










JP 


57063177 U 


15/04/1982 










JP 


57065703 A 


21/04/1982 










JP 


60045645 B 


11/10/1985 



Form PCT/ISA/210 (patent family annex) (January 2004) 



INTERNATIONAL 

Information on 



iL^£ARCI 



RCH REPORT 

members 



24/12/2003 



PCT^T2l 



application No. 

2003/000799 



EP 


0801081 


A2 


15/10/1997 


CA 


2202325 A 


11/10/1997 










CN 


1091779 B 


02/10/2002 










CN 


1167779 A 


17/12/1997 










CN 


1396187 A 


12/02/2003 










DE 


69717339 D,T 


18/06/2003 










ID 


19738 A 


00/00/0000 










JP 


9328516 A 


22/12/1997 










KR 


225176 B 


15/10/1999 










SG 


64979 A 


20/06/2000 

fc»W/ WW/ faWWW 










TW 


440572 B 


00/00/0000 

WW/ WW/ wwww 










US 


5799412 A 


01/09/1998 


WO 


0042077 


Al 


20/07/2000' 


AU 


2296100 A- 


01/08/2000 










FI 


4061 U 


22/07/1999 










FI 


990081 D.V 


18/02/1999 


US 


3816383 

WW A UvUv 




11/06/1974 

* •*»/ WW/ A — / ' I 


AR 

/urn 


194330 A 

A^~WWW re 


29/06/1973 

mm+Jf WW/ AW/ W 










BE 


798873 A 

• «# ww # w r\ 


29/10/1973 

t» «y / aw/ x. -j t w 










BR 


7303142 D 


00/00/0000 

WW/ WW/ wwww 










CA 


1006650 A 

A WVWWWW ft 


08/03/1977 

WW/ WW/ i<// # 










DE 


2322164 A 


06/12/1973 

WW/ Ala/ A*## O 










ES 


414226 A 


16/01/1976 










FR 


2183099 A,B 


14/12/1973 










GR 


1435965 A 


19/05/1976 

Ai W/ WW/ A W / W 










IT 


988641 B 


30/04/1975 

WW/ W 1/ A «# » W 










JP 


1234857 C 


17/10/1984 

A / / A V/ A 










JP 


49041482 A 


18/04/1974 










JP 


57021521 B 


08/05/1982 










NL 


181199 B,C 


02/02/1987 










NL 


7306038 A 


05/11/1973 










SU 


580843 A 


15/11/1977 


EP 


1275661 


Al 


15/01/2003 


CN 


1419569 T 


21/05/2003 










JP 


2001270904 A 


02/10/2001 










US 


2003130444 A 


10/07/2003 










wo 


0172850 A 


04/10/2001 



Form PCT/ISA/210 (patent family annex) (January 2004) 



